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© The invention is related to hot plugging of an 


plugged by partially precharging the parasitic input 
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before hot plugging. The precharging of the parasitic 


digital or analog bus. The inventive solution pro- 


input capacitances serves to minimize transient ef- 


poses the addition of a preconditioning network (4) 


fects on the active system (7). 
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The invention concerns a hot pluggable elec- 
trical circuit and in particular a method for hot 
plugging of an electrical circuit into a separate non- 
quiesced signal net, such as an active digital or 
analog bus. 

Various apparatus and methods for the rapid 
interconnection of electrical circuits, such as pe- 
ripheral device interfaces or control circuits to com- 
puter busses, are known in the art. In a method to 
minimize the impact of plugging into a digital bus, 
the normal procedure has been to disable the bus 
so that new devices would not disrupt data flow on 
the bus. 

A method and apparatus for controlled removal 
and insertion of circuit modules which are intercon- 
nected by a bus is known from US-A-4 835 737. 
According to the teaching of this document, the 
operation of the bus is inhibited during the period 
that a module is being inserted into a connector 
connected to the bus and the bus is reactivated 
after the module has been inserted. When a mod- 
ule is to be inserted in an associated connector, a 
switch on the module is operated to provide an 
inhibit signal via the associated connector to a 
control circuit which inhibits operation of the bus. 
Upon full insertion of the module in the associated 
connector, the switch is operated to a second state 
in which the inhibit signal to the control circuit is 
reactivated. As a consequence, the control circuit 
again enables the bus to perform normal oper- 
ations. However quiescing of the bus during the 
insertion period has serious disadvantages other 
than performance problems, since there is no 
graceful way to manage peripherals or I/O during 
the quiesce interruption. Also, since parts of a 
digital system are asynchronous with respect to 
each other, logical or sequential operation errors 
are possible. A digital or analog system is inter- 
rupted for many cycles because the mechanical 
insertion of a board is a relatively slow and im- 
precise event. Therefore communication or periph- 
eral flow control problems could result in overruns 
or underruns. As the speed of information transfers 
increases with the advance of technology, the im- 
pact of quiescing the bus during hot plugging be- 
comes more and more severe. 

In contrast the hot plugging concept provides 
both power and data transfer interconnections with- 
out causing interruption of ongoing data transfers 
on the bus. Hot plugging is found in fault tolerant 
systems which normally include device or field 
replaceable unit redundancy coupled through oper- 
ational comparison and checking logic to ensure 
correct operation, see e.g. US-A-4 453 215, US-A-4 
486 826, US-A-4 597 084 and US-A-4 654 857. 
When a fault is detected an indication of the failing 
device is provided to service personnel. The failing 
device is then simply removed from the bus and a 



replacement device connected. The removal of the 
failing device and the replacement of a new device 
are performed without regard to ongoing bus activ- 
ity. Both the bus architecture and the control de- 

5 vice electronics must be carefully designed to 
achieve this "hot plugging" capability. One ap- 
proach allowed insertion to momentarily impact the 
bus, but relied on bus error recovery to absorb the 
transient and maintain system operation, as in US- 

w A-4 453 215. Other designs survive the insertion 
transients to the point where signal switching was 
not adversely affected. 

From IBM Technical Disclosure Bulletin, Vol- 
ume 29, No. 7, December 1986, page 2877, a 

75 circuitry is known for allowing a data cartridge to 
be hot plugged into an operating terminal without 
disrupting terminal operation. Other circuits are in- 
cluded in this circuitry to isolate the cartridge con- 
nector from the address, data and control busses 

20 to which it is logically connected. The buffer cir- 
cuits are interposed between the cartridge connec- 
tor and the busses to avoid bus noise. The buffer is 
kept in a high impedance state unless the pres- 
ence of a cartridge has been indicated by an 

25 interrupt signal provided directly to the micro pro- 
cessor. 

Other known prior art approaches (US-A-4 750 
177 and US-A-4 866 604) required split resistive 
terminations on the system to terminate the bus 

30 and allow faster switching. This was placed on the 
common printed circuit board that houses the 
board connectors. It also served to ensure system 
voltage levels without any system boards present. 
High current sink drivers/receivers were required, 

35 and special layout considerations and limitations 
were required for this concept to work. The system 
used overpowered drivers/ receivers in conjunction 
with the split terminations to "harden" the digital 
system so that it could withstand the insertion 

40 transients. Another known prior art design sought to 
minimize the impact and terminate the digital net 
by using a series resistor on the board to be 
inserted. The value must be carefully chosen to 
allow hot plug while not effecting the switching 

45 characteristics. The main disadvantages are signal 
delay and the loss of signal voltage across the 
resistor. These systems had to be carefully de- 
signed from the beginning so that hot plugging 
could work reliably. This becomes increasingly dif- 

50 ficult as the bus cycle times decrease and logic 
speeds increase. In this environment it becomes 
much more challenging to design a system that 
can sustain processing and support hot plug. 
Therefore existing digital or analog systems could 

55 not easily be adapted for hot plugging. 

It is therefore an object of the present invention 
to provide an improved hot pluggable circuit. 
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This and other objects are advantageously 
solved by applying the features laid down in the 
independent claims. Advantageous embodiments of 
the present invention are set out in the dependent 
claims. 

When an electrical circuit such as a printed 
circuit board is inserted live into a signal net of an 
analog or digital system, the active system signal 
voltage may be high, low, or in transition between 
these two states. No knowledge of the exact volt- 
age level to be encountered is possible in an active 
system. Thus connection of a board to an analog 
or digital bus can occur when the system signals 
are in any of the states noted above. 

A board in a system typically has a connection 
interface, some amount of printed circuit board 
wiring, and eventually a module I/O pin to connect 
a logic module to the printed circuit board. The 
connector and the printed circuit board etch wiring 
located above the power plane layers of the board 
in essence create a capacitor between the printed 
circuit board etch wiring and ground. A module I/O 
pin also presents some capacitance to ground, and 
may contain impedances to the supply voltage and 
to ground as well. Therefore insertion of an elec- 
trical circuit, such as a printed circuit board into a 
non-quiesced signal net instantaneously connects a 
capacitor load between the signal net and ground. 

The impedance of a capacitor is initially zero 
when a voltage is first applied to it. Over time as 
the capacitor accumulates charge, its impedance 
increases. In the fully charged state, the capacitor 
presents a very high impedance, in some cases 
almost infinite. Typically the electrical circuit being 
plugged has the capacitive load in an uncharged 
state. The fundamental behavior of the capacitor is 
the reason for the transients seen while inserting 
electrical circuits into non-quiesced signal nets. So 
the transient impact of insertion to the active signal 
net is lessened the lower the switching net voltage, 
since insertion instantaneously connects the ca- 
pacitive short circuit to ground. It is observed that 
the effect is much worse the higher the switching 
net voltage is. So there is a significant electrical 
transient in cases where the net voltage is high or 
in either transition between the high and low states. 
This transient has to be absorbed or managed by 
whatever driver devices are actively switching the 
active system net. 

The present invention has significant benefits 
in minimizing the electrical transients resulting from 
insertion of an electrical circuit into a non-quiesced 
signal net. 

The inventive solution proposes the addition of 
a preconditioning network to the electrical circuit to 
be hot plugged to precondition the electrical circuit 
by partially precharging the input capacitance of 
the electrical circuit being introduced into a live 



system. If a first port of a first signal net belonging 
to the inventive hot pluggable electrical circuit is to 
be plugged into a second port of a separate non- 
quiesced second signal net, such as a digital or 

5 analog bus, the voltage of said second port can 
vary between a first and a second limiting value. In 
order to precondition said first signal net prior to 
hot plugging, the preconditioning network of the 
inventive electrical circuit precharges an input ca- 

io pacitance of the first port to be hot plugged to a 
predefined voltage between said first and said sec- 
ond limiting value. Preferably said predefined volt- 
age is set to approximately the arithmetic mean of 
said first and said second limiting value. However 

;5 though in some cases it is advantageous to set the 
predefined voltage to a level below or above the 
arithmetic mean. The predefined voltage can be 
chosen in consideration of the driver output char- 
acteristics of the port into which the electrical cir- 

20 cuit is to be hot plugged. If the driver output 
characteristic is symmetric, the driver can remove 
as easily charge from the input capacitance of the 
first port during hot plug as the driver can add 
charge thereto. In this case the predefined voltage 

25 is advantageously set to the arithmetic means of 
the first and second limiting value. If the driver 
output characteristic is asymmetric, the situation is 
different: For a driver which can more easily add 
charge than remove charge, a predefined voltage 

30 below the arithmetic mean is advantageous. In the 
opposite case - a driver which can more easily 
remove charge than add charge - a predefined 
voltage above the arithmetic mean is advanta- 
geous. The input capacitance which is precharged 

35 comprises the cumulative parasitic input capaci- 
tance of the first port. According to a preferred 
embodiment of the invention the port of the inven- 
tive hot pluggable electrical circuit which is to be 
plugged into a port of a separate non-quiesced 

40 second signal net comprises at least two terminals, 
such as ground and a signal line. 

One embodiment of the present invention en- 
tails a design of a voltage divider circuit to 
precharge the parasitic capacitance of the signal 

45 net which is to be hot plugged. The voltage divider 
comprises a first impedance to a stable positive 
power supply voltage and a second impedance to 
a stable negative power supply voltage. The stable 
positive and negative power supply voltages can 

so be established by making power and ground con- 
nections first during board insertion. The active 
signal net is connected later by using some stag- 
gered connection means. The relative delay be- 
tween the two connections can be optimized for 

55 applications as needed. Powering up the electrical 
circuit to be hot plugged before engaging signal 
nets also assures that electrostatic discharge ef- 
fects are safely grounded before logic nets are 
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connected. Thereby stable power supply voltages 
can also be guaranteed before engagement of the 
signal nets. This eliminates the latch up exposure if 
CMOS logic is used on the inserted board, espe- 
cially since nets can be precharged to the voltage 
desired. By connecting signal nets last, there is no 
need to use drivers or receivers that power on or 
off glitch free to maintain signal integrity. If power 
supply voltages are provided to the electrical circuit 
before signal nets are connected, the drivers or 
receivers of the electrical circuit which is to be hot 
plugged are already powered up, when the signal 
nets of the electrical circuit finally are connected. 
This is advantageous in that a randomly floating 
output during powering up of the electrical circuit 
cannot disturb the non-quiesced second signal net. 
Moreover, this is advantageous in that a correct 
power on reset can be applied to the electrical 
circuit before the connection of the signal nets is 
established. 

The inventive concept has benefits in minimiz- 
ing the electrical transients resulting from hot plug- 
ging of an electrical circuit into a non-quiesced 
signal net, such as insertion of a printed circuit 
board into a non-quiesced analog or digital bus 
system. The concept minimizes the impact of tran- 
sient effects on a non-quiesced system by ad- 
dressing the root causes of electrical insertion tran- 
sients. 

The inventive concept addresses the root 
causes of electrical insertion transients by minimiz- 
ing and managing the transient load on the driver 
of the port of the active system in which the 
electrical circuit is to be hot plugged. The transient 
load on the driver depends on the initial charge 
and voltage of the input capacitance of the port of 
the electrical circuit to be hot plugged. If the volt- 
age of the input capacitance equals the actual 
driver voltage of the active system in which the 
port is to be plugged no transient load occurs. If 
the voltage of the port is at its maximum limiting 
value - e.g. logic high in a digital system - and the 
voltage of the input capacitance is zero, a maxi- 
mum transient load will occur, since in this case 
the initial impedance of the capacitive load is near 
zero. In the opposite case the voltage of the port is 
at its minimum limiting value (e.g. logic low) and 
the voltage of the input capacitance is at its maxi- 
mum limiting value (e.g. logic high). Thus, in this 
case the driver also has to draw a strong current 
during hot plug, since the capacitance is to be 
discharged. According to the inventive concept the 
problem of electrical transients is helped by 
precharging the input capacitance to a value be- 
tween the maximum limiting value of the driver 
output and its minimum limiting value. 

In theory the arithmetic mean of the maximum 
and minimum limiting values would be an optimal 



value for the predefined voltage to which the input 
capacitance is precharged. Setting the predefined 
voltage to the arithmetic mean limits the maximum 
differential voltage which can occur between the 

5 port of the electrical circuit which is to be hot 
plugged and the corresponding port in the non- 
quiesced system to half the signal voltage's am- 
plitude. Thus the transient load thereby is signifi- 
cantly reduced, since even in the worst case (the 

10 voltage of the port of the active system being at 
either of its limiting values) the differential voltage 
is only half the signal voltage's amplitude. 

In practice however, the driver of the port of 
the active system may have an asymmetric output 

75 impedance, so that it can more easily add charge 
into the input capacitance than remove charge from 
it or vice versa. In this case it is advantageous to 
deviate from the theoretical optimal value and to 
set the predefined voltage to a level below or 

20 above the arithmetic mean. Also, the selection of 
the driver technology (e.g., certain types of CMOS) 
may dictate a voltage level above or below the 
arithmetic mean to satisfy electrical interfacing re- 
quirements according to the restrictions of speci- 

25 fication requirements of DC-voltage levels. 

The invention has value both alone and when 
used to complement earlier transient management 
methods, such as methods concerning the man- 
agement of transients occurring when power or 

30 signal connections are hot plugged, the dissipation 
of electrostatic charges or the dissipation of charge 
during unplugging. The invention provides an eco- 
nomical solution that adapts existing busses to hot 
plug, since the bus system itself need not nec- 

35 essarily be changed in order to implement the 
invention. Therefore whether hot pluggable elec- 
trical circuits according to the teaching of the in- 
vention or circuits not being pluggable are used in 
an existing bus system merely depends on the 

40 customer's choice of design. Further the invention 
is particularly valuable in a multimedia environ- 
ment, since multimedia applications demand the 
frequent exchange of different feature adapters, 
such as audio jacks or printer port adapters. This 

45 can be done on line while processing without 
powering down the main processing system. 

An advantageous embodiment of the invention 
is subsequently described in connection with the 
drawing in which the only figure is a schematic 

50 diagram of an inventive hot pluggable electrical 
circuit and the signal net in which the circuit is to 
be hot plugged. 

The only figure shows the connector of an 
active system 7 having terminals 15, 13, 12 for a 

55 stable positive power supply voltage +V, a stable 
negative power supply voltage (ground) and for a 
signal voltage V net of the signal net 6 of the active 
system 7. The electrical circuit 1 to be hot plugged 
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is disposed on a printed circuit board and com- 
prises a connection interface 8, 9, 10 for establish- 
ing contacts with the terminals 12, 13, 15 of the 
connector of the active system 7 and the signal 
line, the common line, and the power line, respec- 
tively. The power line is connected to an optional 
unit 16 which generates internal power for the 
electrical circuit 1 from the externally provided sup- 
ply voltage +V for those cases in which the inter- 
nal voltage levels are different than those provided 
by the active system 7. The connection interface 8, 
9, 10 comprises staggered connection means. The 
staggered connection means include recessed 
edge connectors for insertion into the respective 
terminals of the connector of the active system. In 
this preferred embodiment the connector 8 for the 
signal line to the signal voltage V net of the active 
system is recessed from the edge 1 1 of the board, 
so that the connections between the common line 
of the hot pluggable electrical circuit and the 
ground line of the active system 7 via terminals 9 
and 13, as well as the connection between the 
power line and the stable positive power supply 
voltage + V via terminals 10 and 15 are made prior 
to the connection of the signal line to the signal 
voltage V net of said second signal net via terminals 
8 and 12. Staggered connection means of this kind 
are known per se for example from US-A-3 993 
935. However, there can be applied any type of 
connection means which assures that power con- 
nections are made prior to signal connection during 
hot plug. 

The electrical circuit further comprises a signal 
net, preferably comprising a logic module 2 which 
is connected via a module I/O pin to the signal line. 
Thus, the printed circuit board has several parasitic 
capacitances: The parasitic capacitance of the con- 
nection interface C c , the parasitic capacitance of 
the printed circuit board edge wiring C e and the 
parasitic capacitance of the module and its I/O pin 
C m . The total board capacitive load is the sum of 
all the parasitic capacitances, since they are in 
parallel. 

The preconditioning network 4 of the inventive 
hot pluggable electrical circuit shown in the figure 
comprises two preconditioning impedances Zi and 
Z 2 . The impedance Z1 is provided between the 
power line and the signal line and the impedance 
Z 2 is provided between the signal line and the 
common line. Further the input impedances Z m1l 
Z m2 of the module 2 between the power and signal 
line and the signal and common line, respectively, 
are shown in the drawing. The impedances Z1 , Z m1 
and Z2, Z m2 constitute a voltage divider serving to 
generate a predefined voltage V n to precharge the 
circuit 1 prior to hot plugging. In this preferred 
embodiment the impedances Z^ and Z 2 are con- 
nected in parallel to the impedances Z m1 and Z m2 



of the module 2. The impedances Z m1 and Z^ 
normally cannot be changed since Z m1 and Z m2 are 
fixed circuit parameters of the module 2. These 
parameters are often given by module manufactur- 

5 ers. Thus in this case the impedances Z1 and Z 2 
are chosen to obtain the desired predefined voltage 
V n . Depending on the values of Z m1 and Z m2 , Z1 
and Z 2 can therefore have a wide variety of values. 
It is however advantageous to choose the values of 

10 Z1 and Z 2 so that the resulting impedances of Z1 
connected in parallel to Z m i and Z 2 connected in 
parallel to Z m2 are large in comparison to the 
output impedance of the port of the active system 
in which the circuit is to be plugged in. In some 

75 cases it is also possible to leave out Z1 and/or Z 2 
or in other words to make them infinitely large, if 
the values of Z m1 and/or Z m2 already contribute to 
the desired predefined voltage which is to be gen- 
erated by the preconditioning network. In order to 

20 prevent short circuiting of the impedance Z1 and/or 
Z 2 , the logic module should be in a high imped- 
ance mode during hot plug. 

When the connection of the signal line and the 
signal voltage is established sometimes bouncing 

25 of the corresponding contacts occurs. Therefore it 
is advantageous to choose Zi and Z 2 in consider- 
ation of the average time interval of bouncing being 
normally in the range of several milliseconds. If the 
values of Zi and Z 2 are chosen so that the RC- 

30 time constants of the preconditioning network are 
significantly smaller than the average time interval 
of bouncing, the correct predefined preconditioning 
voltage V n is generated before the contacts are 
finally established, despite the bouncing of the 

35 contacts. 

The inventive hot pluggable electrical circuit 
may comprise additional first ports to be plugged 
into additional second ports in the active system. If 
the electrical circuit is to be hot plugged e.g. into 

40 an active parallel 64 bit data bus system, there are 
64 first ports having 64 signal lines in the electrical 
circuit. In this case the electrical circuit preferably 
comprises additional impedances to couple the sig- 
nal lines of the additional first ports to the predefin- 
es ed voltage V n , e.g. by interconnecting the respec- 
tive signal lines and the voltage V n of the precondi- 
tioning network 4 by the additional impedances. 
The resulting impedances of the additional im- 
pedances connected to the first and second im- 

50 pedances Zi and Z 2 preferably are large in com- 
parison to an output impedance of said second 
ports, so that signal transmission will not be signifi- 
cantly influenced by the preconditioning network. 
However, a drawback of this design is that the 

55 signal lines of the first ports are coupled via the 
additional impedances. It may be required, for ex- 
ample, that a preconditioning network be added to 
each electrical circuit of every port to be hot 
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plugged, depending on the potential for and the 
consequence of signal disturbances occurring dur- 
ing hot plug operations. 

The capacitors C c , C e and C m as well as the 
impedances Z m1 and Z m2 shown in the drawing are 
merely representations of the equivalent physical 
circuit of the hot pluggable electrical circuit. 

In operation a first port 3 of a signal net of the 
electrical circuit is to be preconditioned by the 
preconditioning network prior to hot plugging into a 
second port 5 of the active system 7. If the elec- 
trical circuit is approached 14 to the connector of 
the active system, power and ground connections 
are made first due to the staggered connection 
interface 8, 9, 10 of the board. Thereby the voltage 
divider of the preconditioning network precharges 
the parasitic input capacitance of the first port to a 
predefined voltage V n , whereby said predefined 
voltage is preferably set to the arithmetic mean of 
the limiting values of the signal voltage of the 
active system. However, other voltages are possi- 
ble in order to minimize transient effects on the 
active system. The circuit components Zi, Z% of 
the preconditioning network as well as the voltage 
V n can be chosen as follows in order to minimize 
transient currents and voltages during hot plug. 

First, an analog model of the signal net 6 in the 
active system 7 and of the electrical circuit 2 to be 
hot plugged will be established. Second, repre- 
sentations of the circuit components of the pre- 
conditioning network will be introduced into said 
analog model. Finally, this model serves to choose 
the optimal circuit components of said precondi- 
tioning network, so that transients on said active 
signal nets are minimized after hot plugging of the 
first port 3 into the second port 5. 

It can be helpful to establish several analog 
models of the signal net 6 corresponding to dif- 
ferent possible configurations of the signal net 6. In 
general the electrical properties of the signal net 6 
also depend on the number of electrical circuits, 
such as feature cards, which are already inserted 
into the signal net 6. The impact of hot plugging an 
additional electrical circuit into a second port of the 
signal net 6 can vary in different configurations of 
the signal net 6. If the signal net 6 comprises for 
example just one feature card which is already 
inserted into the signal net, the impact of a hot 
plugging operation is, generally speaking, more 
severe than in other configurations where more 
than one feature card is already inserted in the 
signal net 6. In the case that the signal net com- 
prises a large number of feature cards the impact 
of hot plugging is also critical due to the additional 
load which has to be driven by the active system. 
Thus it is advantageous to select the circuit com- 
ponents of said preconditioning network in consid- 
eration of those worst case configurations of the 



signal net 6. As a result of this analog modelling it 
may also be necessary to modify the selection of 
drivers and/or receivers of the signal net 6 or the 
electrical circuit 2 to be hot plugged. Further the 

5 parasitic input capacitance of a printed circuit 
board carrying the electrical circuit 2 may be ad- 
justed according to the results of the analog model- 
ling by adjusting the capacitance between the cop- 
per wiring and the ground plane of the printed 

w circuit board. 

In order to establish a correct analog model of 
the signal net 6 it is best to assure that the analog 
model corresponds to the behavior of the physical 
circuits in a static operational mode where no hot 

75 plugging occurs. If the analog model is sufficiently 
correlated with the physical reality in the static 
operational mode it is possible to simulate hot 
plugging or with other words the dynamic oper- 
ational mode. For establishing the analog model it 

20 is sometimes necessary to readjust the circuit re- 
presentation of the analog model iteratively, so that 
it sufficiently corresponds to the actual physical 
circuit characteristics. 

Having established an analog model of the 

25 signal net 6 in the active system for different sys- 
tem configurations, it is also possible to deduce 
design rules for electrical circuits 2 to be hot 
plugged into the active system. This greatly facili- 
tates the design of hot pluggable electrical circuits 

30 2 since the analog modelling has not to be re- 
peated for every circuit design of new hot plug- 
gable electrical circuits 2 for usage in the active 
system 7. 

By partially charging the parasitic capacitances 

35 to the predefined voltage V n before the instant of 
connection of the signal line, these capacitances 
are no longer short circuits to ground. By setting 
the voltage V n to the middle of the switching volt- 
age region of the active system, or somewhat 

40 above or below this region, the invention minimizes 
insertion transient effects on the signal net of the 
active system. Thereby it is possible to manage 
the causes of the transient effects. 

When the electrical circuit is hot plugged there 

45 has to be a minimum time difference between 
contacting of the power supply terminals 9, 13 and 
10, 15 respectively and contacting of the signal 
voltages via terminals 8 and 12. This is to assure 
that the input capacitance can be precharged to 

so the predefined voltage V n prior to contacting of the 
signal terminals. A stable and valid voltage input 
level is also required by the precharging circuit 
prior to the signal nets of the ports being engaged. 
If the operator inserts the hot pluggable electrical 

55 circuit too quickly into the active system, it is 
possible, that the voltage V n is not reached prior to 
hot plugging. This problem can be solved, if the 
mechanical design of the slot in which the electrical 
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circuit is inserted guarantees a minimum insertion 
time sufficient to allow the voltage V n to be 
reached. The slot may be designed in such a way 
that either the effect of the insertion speed or the 
insertion speed itself is reduced. For example, the 
slot design may include staggered connection pin 
lengths, slot latches, or mechanical means which 
control the amount of friction during insertion of the 
electrical circuit to reduce the speed of insertion. 

Another problem is the management of electro- 
static discharge during insertion and the removal of 
residual charges in the electrical circuit capacitan- 
ces. If the electrical circuit is housed by a mechani- 
cal package which is conductive, this can serve for 
this purpose. The mechanical package usually 
slides in a conductive guide during insertion of the 
electrical circuit into the slot. If this guide is con- 
nected to the ground of the mechanical assembly, 
electrostatic charges are thereby removed without 
causing any damage. 

In order to prevent arcing during removal of the 
electrical circuit from the active system, it is ad- 
vantageous to provide a predetermined impedance 
path between the electrical circuit and its conduc- 
tive package which is in conductive contact with 
the guide. This serves to dissipate the residual 
charges in the electrical circuit's capacitances. A 
sufficiently low impedance path can be provided to 
prevent arcing. 

The design of the mechanical package is im- 
portant in that it can prevent, for example, short 
circuiting with other hot pluggable electrical circuits 
which could result in system malfunctions. The 
design is also important in satisfying operator safe- 
ty requirements. 

Further it may be necessary to limit the inrush 
current into the electrical circuit during hot plugging 
to prevent overloading of the entire active system. 
A DC/DC regulator, 16 in the figure, can serve to 
control the inrush current so that overloading is 
prevented and the electrical circuit is nevertheless 
powered up at an acceptably quick rate. Such a 
regulator can also serve to limit the impact of a 
short circuit in the electrical circuit due to the 
galvanic isolation of the electrical circuit from the 
active system. Thus no excessive current is drawn 
from the electrical circuit if a short circuit should 
occur. A DC/DC regulator also allows an external 
power source to be attached to the active system 
such as an external power supply or battery bac- 
kup unit. This also serves to isolate faults and thus 
prevent system failure. 

It is to be understood that the inventive con- 
cept can be beneficially applied to both analog and 
digital systems. In digital systems the digital 
switching behavior of the system during board in- 
sertion and removal is preserved. In analog sys- 
tems the signal distortion of the analog bus is 



minimized during hot plug by applying the inven- 
tive concept. 

It will be understood by those skilled in the art 
that the simple impedances Z\ and Z2, in the 

5 figure describing the preferred embodiment, may 
be replaced by more complex circuitry which can 
also serve to add or subtract charge for the signal 
net which is being precharged. A more complex 
circuitry may comprise active components such as 

70 transistors and/or passive components such as im- 
pedances and/or diodes. Such networks may or 
may not operate in response to control signals 
derived from a staggered or sequential connection 
means. They may be included within the logic 

75 module attached to the signal net 2 or remain as a 
separate preconditioning network 4 as shown in the 
figure. These networks can also be designed to 
generate a predefined precharge voltage V n in ac- 
cordance with the teaching of this invention. 

20 

Claims 

1. A hot pluggable electrical circuit (1) compris- 
ing: 

25 a first signal net (2) having a first port (3), and 

a preconditioning network (4) adapted to pre- 
condition said first signal net prior to plugging 
of said first port into a second port (5) of a 
separate non-quiesced second signal net (6), 

30 such as a digital or analog bus, the signal 

voltage (V net ) of said second port varying be- 
tween a first and a second limiting value, 
whereby said preconditioning network charges 
an input capacitance of said first port, prefer- 

35 ably the parasitic input capacitances (C c , C e , 

C m ) of said first port, to a predefined voltage 
(V n ) between said first and said second limiting 
value prior to said plugging, whereby said 
predefined voltage is preferably set to approxi- 

40 mately the arithmetic mean of said first and 

second limiting value. 

2. The hot pluggable electrical circuit according 
to claim 1 , wherein said first port comprises a 

45 common line (common) for connection of said 

circuit with a stable negative power supply, 
such as ground, and a signal line (signal) for 
connection of said circuit with the signal volt- 
age (V net ) of the second signal net, and said 

50 circuit further comprises a power line (power) 

for connection of said circuit with a positive 
power supply voltage ( + V), whereby said pow- 
er line preferably comprises a voltage regula- 
tor, such as DC/DC regulator. 

55 

3. The hot pluggable electrical circuit according 
to claim 1 or 2, wherein said preconditioning 
network comprises a precharge network, such 
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as a voltage divider, having a first impedance 
(Zi) provided between said power line and 
said signal line and a second impedance (Z 2 ) 
provided between said signal line and said 
common line. 5 



c) choosing by means of said model said 
circuit components of said preconditioning 
network, so that transients on said second 
signal net are minimized after hot plugging 
of said first signal net. 



4. The hot pluggable electrical circuit according 
to any one of the preceding claims, wherein 
said electrical circuit is disposed on a printed 
circuit board or on an adapter, and said elec- 10 
trical circuit further comprises a connection 
interface (8, 9, 10) for plugging said first port 

into said second port. 

5. The hot pluggable electrical circuit according 15 
to claim 4, wherein said connection interface is 
adapted to connect said electrical circuit with 

said positive and negative power supply vol- 
tages prior to said plugging of said first signal 
net, said connection interface preferably com- 20 
prising staggered connection means, such as a 
recessed connector (8) for the signal line. 

6. The hot pluggable electrical circuit according 

to any one of the preceding claims, wherein 25 
the resulting impedance of said first imped- 
ance (Z1) connected in parallel to a third im- 
pedance (Z m1 ) of said signal net (2) and the 
resulting impedance of said second impedance 
(Z 2 ) connected in parallel to a fourth imped- 30 
ance (Z m2 ) of said signal net (2) are large in 
comparison to the output impedance of said 
second port. 



10. A method for hot plugging a first electrical 
circuit into a second electrical circuit said first 
electrical circuit comprising a first signal net 
having a first port, said second electrical circuit 
comprising a second non-quiesced signal net, 
such as a digital or analog bus, having a 
second port, the voltage of said second port 
varying between a first and a second limiting 
value, said method comprising the steps of: 

a) coupling said first electrical circuit to a 
power supply of said second electrical cir- 
cuit; 

b) charging an input capacitance of said 
first port, preferably the parasitic input 
capacitances of said first port, to a predefin- 
ed voltage, whereby said predefined voltage 
is set to a value between said first and 
second limiting value, preferably to approxi- 
mately the arithmetic mean of said first and 
second limiting value; 

c) plugging said first port into said second 
port. 



7. The hot pluggable electrical circuit according 35 
to any one of the preceding claims, wherein 
said first signal net comprises additional first 
ports (3) and said second signal net comprises 
additional second ports (5) and wherein said 
circuit comprises additional preconditioning ao 
networks, so that each of said additional first 
ports requiring preconditioning has a precondi- 
tioning network assigned thereto. 



8. The hot pluggable electrical circuit according 45 
to any one of the preceding claims, wherein 
said second non-quiesced signal net is a digi- 
tal or analog bus. 



9. A design method for a preconditioning network 50 
in an electrical circuit according to any one of 
the preceding claims, comprising the steps of: 

a) establishing an analog model of said first 
and said second signal net, 

b) introducing a representation of circuit 55 
components of said preconditioning network 

into said analog model; 
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